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Abstract 
This paper presents the methodology of measurement and interpretation of the provision of the people with the necessary comfort in the 
buildings in a relation to the design of new or redevelopment of the existing transport route. The requirements to provide the necessary 
comfort of the vibration are often ignored during the design stage of the route, which leads to the need for  more costly technical measures 
to reduce the dynamic effects resulting from the operation of the road in a later stage. 
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1. Introduction 
People residing in the buildings should be provided the necessary vibrational comfort. It is more frequent that there are 
situations where the existing buildings are surrounded by the newly designed or previously used and now being upgraded 
roads. Usually it involves an increase in of the traffic parameters, and thus increasing the impact of vibration on the 
environment. From designers of the road’s construction it is required that vibrations transmitted through the ground to the 
existing buildings and the people living in them will not lead to accelerated degradation of the buildings and do not infringe 
the requirements for vibrations to provide the necessary comfort to people in buildings. Regarding the first of these 
requirements knowledge of designers is basically enough to take this requirement into account properly. The second of these 
requirements is often omitted. 
In the standards of PN-EN explicitly obliged to when checking serviceability of the limit states also allow buildings to 
provide users with the necessary comfort requirements. Previously [1] it was pointed out that the failure to provide comfort 
to people in buildings vibration can be treated as a threat or even a failure in the meaning of the state of emergency. 
By danger emergency state is meant the state of the object in which the damage or other irregularities indicate potential 
safety hazards or construction operation, and also the reduction of the operating conditions in the case of preserving the 
existing requirements for the operation. Most cases reported in the publications were the near-misses and accidents 
associated with this part of the state’s definition which refers to the "construction safety hazards" and is revealed in the 
forms of the scratches, cracks, excessive deflections, etc. It should be noted that the requirements for the design and 
constructions realized are those that refer to the suitability of the object for its intended use. The PN-EN 1990 [17] clearly 
formulated the demands in this area and it is believed that not implementing them limits or reduces the suitability for use of 
a building. In assessing the impact of vibration on the people in the buildings (see p.3.4. in PN-EN 1990) it is recommended 
to use the criteria for providing people with the necessary comfort of vibration. 
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This paper summarizes the most commonly used assessment criteria of providing the people with the necessary comfort 
in the building vibrating. There were chosen the most useful applications in the design of the transportation routes. It also 
provides the examples of the use of the criteria that ensure the necessary comfort to the people staying in the building that is 
passively receiving written vibrations according to the requirements of the design standards. The results of the dynamic 
analysis presented in these examples demonstrate the need to consider the impact of the vibration on the people in the 
buildings during the design of the transportation routes. The appropriate changes in the design of the roads leading to the 
reduction of the vibration reaching the people in the buildings can be entered on the basis of an proper model analysis 
already during the design phase of the road (see [2]). 
2. Diagnostic and design situations  
In the diagnostic evaluation and design of the structures including impact of vibration on human five situations can be 
distinguished depending on the state in which the source of vibration and the object receiving vibration during the diagnosis 
and design is. Classification is given in Table 1. 
Table 1. Diagnostic and design situations 
No. Name of situation Source of vibration Object recei-ving vibration 
1 Diagnosis Working Existing 
2 Diagnosis with forecast Designed Existing 
3 Designing Working Designed 
4 Design with forecast Designed Designed 
5 Diagnosis with forecast  
(a posteriori) 
Previously occurred 
(it is not reaction possible) 
Realized 
(now in position of damage) 
 
Dynamic diagnosis usually refers to the first case. Then vibrations are transferred from an existing source of vibrations to 
the completed building object. The results of the direct measurement of vibration are used in the diagnostic evaluation. If 
the assessment concerns the impact of vibration on humans, the measurement is made at the receiving end of vibration by 
man (on floors of particular floors). Thus, obtained results, after undergoing procedure of analysis are compared with the 
accepted criterion for comfort. Situations: the second and fifth also refer to diagnosis, but the assessment of the dynamic 
influence is done basing on the prediction of vibration. Projected values are determined analytically, taking into account the 
measurement data collected in a database of such data. The size of the measurement database and accuracy of the 
description of the input parameters affects accuracy of diagnosis in these cases.  
Situations: the third and fourth are included in the task of designing. The values of predicted vibration parameters are 
determined like in the second and the fifth situation. There is no possibility of experimental verification of the adopted 
calculation model of the building because the object is in the design phase.  
The results of the analysis in all these situations become the basis for assessing the impact of vibrations on the receiver. 
As described here, the receivers of vibrations are people living in the buildings. If the analysis proves that the conditions of 
the necessary comfort of people living in buildings have been violated, then appropriate technical measures should be used 
to reduce vibration levels received by people. Technical measures can be applied to the source of vibration, through their 
propagation or to the object receiving vibrations. Further analysis should allow to select the most advantageous (in terms of 
practical implementation, cost, availability of materials, etc.) method of reducing vibration. 
This paper presents the problem relates to the position 2 as described in Table 1. 
3. The criteria used in assessing impact of vibration on people in buildings 
In many publications and standards criteria of evaluation of the vibration impact on people in the buildings are given. 
One may recall here the provisions contained in [3–10] and in the standards: Polish PN-88/B-02171 [11], the international 
ISO [12], [13], British [14] and German [15].   
The assessment of the vibration impact on humans is conducted on the basis of parameters specified in the standards, 
depending on the method used for assessment. Mostly used is the method that uses the spectrum effective value (RMS) 
acceleration (or velocity) of vibration in the 1/3 octave bands or a method based on the so-called. VDV vibration dose [9].  
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Parameter values obtained from measurements are compared with corresponding values of providing the comfort. While 
determining the value of providing more comfort vibration (upper limit of the vibration level), influence of many factors is 
taken into account, including the following: 
• purpose of the room in the building, 
• time of occurrence of vibration, 
• nature of vibrations and their repeatability, 
• direction of vibration and position of the human body in relation to this direction of vibration, 
• vibration frequency. 
The vibration dose value of the coefficient VDV also takes into account the total duration of human exposure to 
vibration. Room designation, time of occurrence of the vibrations and their repetition influences the value of “n” factor, 
which is given in the tables contained in the standards. Effect of vibration direction of reception by the body and 
frequency of vibration is included in lines characterizing the so-called sensation threshold of vibration. Fig. 1 summarizes 
the sensation threshold lines of vibrations received by in the direction z (feet-head) and in the xy directions (back-chest, 
side-side). 
 
Fig. 1. Basic lines corresponding to the sensation threshold of vibration 
In the standard [11] in assessing the impact of vibration on humans a simplified criterion is allowed, in which there is a 
corrected value of acceleration (or velocity) of vibration in the whole frequency band (from 1 to 80 Hz). In such a method of 
assessing the value of the corrected vibration acceleration (ak) corresponding to the analyzed direction of reception (z, xy) 
should satisfy the condition: 
 naa klk ⋅≤  (1) 
where: akl – corrected acceleration value corresponding to the sensation threshold of vibration transmitted to humans in the 
direction z or xy, adopted from the standards, n – value of the coefficient which takes into account the impact of destination 
of the room, time of occurrence of vibration, nature of vibrations and their repeatability. 
Basing on the evaluation using the corrected value of only general information is obtained whether there is a violation of 
requirements referring provision of the necessary comfort to people residing in the building. 
Fuller information on the impact of vibration on people is obtained on the basis of the RMS acceleration (or velocity) of 
vibration in 1/3 octave band. The RMS value of acceleration a(fi) in each 1/3 octave band with center frequency fi 
corresponding to the analyzed direction of vibration should fulfill the condition: 
 1( ) ( )i ia f a f n≤ ⋅  (2) 
where: 1( )ia f  – RMS value of vibration acceleration corresponding to the sensation threshold of vibration according to the 
standard, n – value of the coefficient which takes into account the impact of the room destination, time of occurrence of 
vibration, the nature of vibrations and their repeatability. 
Basing on the assessment carried out by use of the effective value (RMS) acceleration (or velocity) of vibration in 1/3 
octave bands information is obtained whether and in what frequency bands infringement of the conditions of necessary 
comfort occurred. An example of such an analysis is given by [8] in Fig. 2.  
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Fig. 2. Example of analysis of the effects of vibration on people in building 
4. Diagnostic procedures relating to people in completed buildings 
Dynamic diagnosis of impact assessment of vibration on people living in the completed buildings and passively receiving 
vibrations generated by the operated source of vibration includes the following steps:  
• collection of data on allocation of the room in which people reside, 
• collection of data on sources of vibration, whose effects on humans can be significant and the way of propagation of 
vibrations from the source to the place of their reception by the man  
• acceptance of the assessment criterion, 
• determination of the values of the parameters characterizing the vibrations at their reception by man based on 
measurements, 
• assessment of the impact of vibration on humans  according to criterion 
• proposition of technical measures leading to reduction of vibrations in the case of evidence of infringement of the 
required vibration comfort. 
The above given diagnostic procedure is modified if the source of vibration is in a design phase. Then an important step 
in diagnosis is determination of projected parameters of kinematic excitation and adoption of a computational model of the 
completed building. Developing a computational model of the building is mostly realized using the FEM. It must be stressed 
however that there is a need to redefine the model by measuring the vibration of the building caused by another, applicable 
vibration source. Such a model can be verified using the measurements of the so-called dynamic backgrounds [16].  
5.  Maps of forecasted dynamic impacts 
In some practical situations it is necessary to identify the impact of vibrations generated by a new source of vibration 
caused by changes in the conditions of an existing source of vibration. This may for example relate to changes in traffic 
conditions along an already existing, but modernized road, railway or subway. The global assessment of the impact of new 
sources of vibration on the existing buildings and people in the buildings may be associated with development of a map of 
the forecasted dynamic impact.  
Carrying out immediate studies in selected characteristic sections during the passage of the existing vibration source and 
having the data in the measurement database map of forecasted dynamic influence resulting from changes of the 
characteristics of the previous vibration source could be developed. An example of such a map is shown in [5].  
Such maps can be used in designing of new buildings located in the vicinity of the designed traffic sources of vibration 
with regard to the planned new traffic-road conditions. After introduction of a new source of vibration, it is appropriate to 
carry out immediate dynamic studies in selected locations in order to verify the forecasted values included on a map of 
dynamic influences. 
In the procedure of this kind of project there are two clear stages of measurement, in between there is the stage of 
computing. These stages can be described by the following tasks: 
Stage I (Measurement of dynamic backgrounds) includes such tasks as: 
• recognition of the area covered by influence of the designed source of vibration,  
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• selecting buildings, which due to their location  relative to the source of vibration, condition  and  destiny should be 
covered by  individual dynamic analysis, 
• performing measurements so-called dynamic backgrounds, that is performing of measurements on selected objects of 
currently occurring vibrations generated by vibration sources or on a specially applied vibration source model.  
Stage II (calculation of the forecasted situation) includes such tasks as: 
• verification of the adopted computational models of the building based on measurements taken in stage I, 
• selection from the measurement database of vibrograms best suited to operation of the designed  source of vibration, 
• application use of forecasted vibrograms as kinematic excitation of computational models, 
• assessment of the forecasted impact of vibration on people residing in the designed building, 
• in the case of exceeding the required level of comfort (or safer: sensation threshold of vibration) introduction of possible 
changes in building structure to reduce the dynamic influence or in calculations taking into account application of other 
technical measures to reduce vibration.  
Stage III (measurement verification of compliance of the executed building with the criteria for assessment of impact of 
vibration on people residing in it) includes tasks such as: 
• performance of measurements on an object previously covered by analysis after modernization of the source of vibration, 
• performance of assessment of influence of registered vibration on people, 
• in the case of infringement of assessment criteria, application of additional technical measures to reduce vibration. 
Additionally, in all these stages influence of vibrations impact generated during the building (or rebuilding) of the 
designed source of vibration should also be considered. In particular, it is necessary to take into account in the analyses 
work of vibratory rollers, vibration hammers and other devices. 
6. Examples of violations of the required vibrational comfort 
Below is a sample of the results of the impact assessment of vibration on people living in the buildings. Examples relate to 
the existing buildings. Most of the dynamic tests were performed due to user complaints after rebuilding the transportation 
route. Residents claimed that vibration prevents the use of space in accordance with its intended purpose, ie disturb the sleep 
and mental work. Drawings of the results of the impact assessment of vibration on humans also contain lines corresponding 
to the conditions providing the necessary comfort. 
Significant impact on the environment is a source of vibration impacts associated with transportation, ie rail transport 
journeys trains, trams and the metro (subway albo underground). Fig. 3 shows the result of human i assessment of the 
impact of the vertical vibration of the floor in a room on the ground floor of the building. Complaints of the population 
occurred after the completion of a change of the traffic conditions. Having rebuilt the track structure considering the change 
in the operating conditions (higher speed trains, increased load, etc.) but without checking the vibration exposure levels of 
people living in the building. The steps 1 and 2 of the measurement and interpretation procedures described above were not 
completed. Vibrations on the ground floor of the building far exceed the limits of the required comfort both at night and 
during the day.  
In another example, similarly an adverse effect on humans was confirmed (but in the middle frequency 16 Hz). The 
limited use of the premises was found in some of the buildings located near the tram lines. Fig. 4 shows the results of an 
impact assessment of the floor vertical vibration on the first floor of a brick building, four-storey with ceramic floors on 
steel beams (Klein-type ceilings) on the human. Vibration source in this case was a tram passage along the tracks at a 
distance of 12.5 m from the building. 
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Fig. 3. The results of the analysis of the influence of the ground floor vertical vibrations caused by passing  
of the train on the track about 25 m away from the building on the people 
 
Fig. 4. The results of the analysis of the influence of the second floor vertical vibrations caused by passing  
of the tram on the track about 12,5m away from the building on the people 
When measuring the three-story brick building (office use), located about 6.3 m from the tram track, vibrations generated 
by trams significantly exceeded the line corresponding with the required comfort for people in the offices. It may be 
interesting that the track design was modern and the assumptions were to limit the impact of the vibration to the adjacent 
buildings. Exceeding the requirements of comfort were experienced when running older tram type 105N (Fig. 5) as well as a 
low-floor modern trams type NGT6 (Fig. 6).  
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Fig. 5. The results of the analysis of the influence of the second floor vertical vibrations caused by passing  
of the tram type 105N on the track about 6,3 m away from the building on the people 
 
Fig. 6. The results of the analysis of the influence of the second floor vertical vibrations caused by passing  
of the tram type NGT6 on the track about 6,3 m away from the building on the people 
This example indicates the need for designing the vibration isolation for the rail surface and determinating - before 
realisation of the track – effectiveness of the vibroisolation for adopted solutions. Application of the simulation calculations 
allow to remove the failures. 
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7. Conclusions 
The above examples demonstrate that the violation of the requirements as to provide people with the required vibrational 
comfort is not uncommon. Such situations lead to the exclusion or limitation of the use of the buildings (flats, houses, 
offices etc.). There are similar activities to those that need to be taken into the consideration in case of failure of the building 
structure. 
Most frequently a case for diagnosis occurs in a situation in which there is a source of vibration and an object which 
receives vibration. Then the diagnosis is performed by measuring the vibrations at their reception by man and the result of 
this measurement is compared with the criterion of providing the necessary comfort to people. In the case of the task of 
designing on forecasted vibration (designed vibration source and the designed building which is in the zone of influence of 
this source of vibration) is need to estimate possible excitation of the building based on similar diagnostic situations. 
Information contained in the measurement database data are helpful in it. If the building is during the design a calculation 
model (FEM) should be made and – if possible– its verification in the field of vibrations and dynamic backgrounds should 
be carried out. 
The paper summarizes the procedures, which can be useful for the diagnostician or designer, if it is necessary to include 
in his task traffic vibration impact on people living in the building. 
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